Abstract: Increasing coupling of terahertz radiation into a low dispersion, broadband two-wire waveguide is an important issue to address. To resolve this, we demonstrate an active two-wire waveguide with higher performance compared to its passive counterpart.
Introduction
Terahertz (THz) technologies open great potential in spectroscopy, material science, security screening and highspeed wireless communication. One issue that still needs to be addressed is how to efficiently couple THz pulses into guiding structures. Two-wire waveguides, due to their low dispersion, broadband guiding characteristic, and two dimensional confinement abilities serve as an excellent THz guiding medium [1, 2] .
Both the two-wire waveguide TEM mode as well as the THz radiation, generated by a photoconductive (PC) antenna, are linearly polarized. The combined system consisting of a PC antenna interconnected with a two-wire waveguide is therefore a very effective solution for the efficient generation, coupling and routing of the THz signal. In our earlier work [3] , the two-wire waveguide mode was excited by approaching a PC antenna close to the input of the waveguide. In this passive waveguide configuration, it can be assumed that the THz radiation is being coupled into the waveguide from free space. However, a large fraction of this free space THz radiation, emitted by the PC antenna, is not coupled into the waveguide and the low, far-field mediated coupling efficiency of the system strongly limits its applicability.
Here we address this issue of coupling into the two-wire waveguide by demonstrating the generation of THz radiation directly inside the waveguide (active wave guiding). We compare the coupling of THz radiation in the passive and the active configurations to show the efficiency of our active waveguide design.
In order to perform a fair comparison, the passive system makes use of a piece of semiconductor (GaAs, 300 µm x 300 µm x 5 mm) as PC antenna to which a two-wire waveguide is coupled (see Fig. 1 (a) for schematics). On the other hand, the active waveguide consists of an identical semiconductor block interposed between the wires of the waveguide (see Fig. 1 (b) -schematics, and Fig. 1(c) ), this in order to allow for THz generation directly inside the waveguide. We name this second structure as two-wire waveguide-based transmitter (TWT). In order to compare the two different systems, we first measure the emission of the GaAs element, placed between two electrodes and used as a photoconductive antenna. The THz emission is then coupled into the two-wire waveguide of length 10 cm as discussed in [3] (passive waveguide configuration) and the coupling efficiency and guided bandwidth is determined. Finally the results are compared with the active THz waveguide TWT, where the GaAs is directly placed inside the two-wire waveguide of the same dimensions. In all cases the GaAs piece was illuminated with a Ti:Sapphire mode locked laser (Mai-Tai, Spectra-Physics) with 80 MHz repetition rate, 125 fs pulse duration and 220mW average power. In order to generate the THz radiation, the same square wave voltage (110V, 11 kHz) is applied on the GaAs element. Finally, the temporal profile of the THz signal is measured using the electro-optical sampling technique [4] , using a 2 mm thick ZnTe crystal.
Experiments conducted

Results and conclusions
Figure 2 (a) shows the reference THz waveform as emitted by the PC antenna normalized to its peak. Figure 2 (b) reports the measured amplitude spectra of the signals obtained from both configurations: two-wire waveguide and TWT. The energy of the output pulses, normalized to the energy of the PC antenna were extracted from their measured temporal profile. We found that the pulse energy for the 10 cm long waveguide and TWT were nearly 0.63% and 40.05% of the pulse energy of the PC antenna, respectively, underlining that the TWT couples a THz signal 63 times stronger than the commonly used passive coupling approach. In order to estimate the propagation losses of our TWTs, we compared the normalized output energy of the 10 cm long TWT with a 20 cm long equivalent structure, and found that the additional 10 cm of waveguide added 11 dB of loss. Figure 3 shows both the experimentally observed (a) and the numerically evaluated (b) (CST Microwave Studio commercial software) output waveform for the 20 cm long TWT (both normalized to their peaks), whiletheir respective amplitude spectrais shown in Fig. 3 (c) (normalized to the peak of the antenna's spectrum). The comparison shows a fair agreement between our simulation and the experimental results.
In conclusion, our results show that the coupling of THz radiation into a two-wire waveguide mode can be significantly improved by using the proposed active waveguide configuration, where the THz source is directly implemented into the guided mode structure. Our results therefore have high potential for improving a large variety of THz applications, relying on the two-wire waveguide mode. 
